Study Design. A prospective cohort study. Objective. The aim of the present study was first to compare monthly measurements of low back pain (LBP) with quarterly and yearly retrospective measurements of LBP, and second to investigate possible bias effects for recall bias of LBP. Summary of Background Data. LBP is a subjective experience often measured by a single rating of recalled pain over a certain time interval. However, retrospectively reported pain may be subject to recall bias. Methods. The agreement between monthly measurements of LBP and quarterly and yearly retrospective measurements of LBP was evaluated by Spearman rank order correlation coefficients, intraclass correlation coefficients, and Bland-Altman plots. Bias effects for recall bias were investigated by a linear regression model. Results. There were no statistical significant differences in mean values of monthly measurements of LBP compared with quarterly and yearly retrospective measurements of LBP on a group level. However, the Bland-Altman plots revealed that within individuals, the difference between monthly measurements of LBP and quarterly and yearly retrospective measurements of LBP was highly variable. For both quarterly and yearly recall, social support from colleagues and average LBP days were significantly associated with the recall bias.
L ow back pain (LBP) is the most significant contributor to years lived with disability.
1,2 Accordingly, LBP is one of the most common reasons for activity limitation, sick leave, and work disability. 3, 4 LBP is highly prevalent among the working population, 5 and it has been estimated that approximately 26% to 37% of LBP may be attributable to work-related risk factors. 5, 6 Therefore, LBP is among the most important outcomes in epidemiologic studies of work-related musculoskeletal disorders.
LBP is a multi-factorial subjective experience mainly accessible through self-report. LBP can be quantified in many ways and the choice of specific measurements has been widely discussed. 7, 8 Usually, measurements include intensity [on either a visual analogue scale (VAS) 9 or a numeric rating scale (NRS) 10 ] and/or duration of discomfort or pain by a single rating of recalled pain over a certain time interval, for example, the past week or 3, 6, or 12 months. 7, 11 However, retrospectively reported pain may be subject to recall bias.
Several studies have investigated pain recall by investigating the agreement between two different measures of pain. The majority has been within a clinical setting (primarily chronic pain patients). 12, 13 Moreover, the recall period varies considerably (1 day to 3 months) [12] [13] [14] [15] and so does the conclusion on agreement between the measures of pain. Some studies found that people are good at recalling previous LBP (pain intensity), 12, 14 others concluded that recall is inaccurate or systematically biased. 13, 15 Previous reported biasing factors include individual characteristics such as gender, 16 age, 17 and pain catastrophizing. 18 Moreover, factors in the psychosocial work environment 19 are also found to affect the agreement between different measures of pain. A consistent finding in earlier studies is that current status of pain including maximum pain intensity 20 influence the memory of pain episodes. 17, 21 Although the prevalence of LBP is high in certain occupational groups, 5 working populations generally differ from chronic pain patients by having less severe and more heterogeneous pain. If patients with high severity are not able to provide accurate information on their pain, it might also be important to recognize the magnitude of such a phenomenon among those who are less affected by their symptoms. Two studies on pain recall bias in workplace populations have been identified. 21 One study found retrospective assessment of musculoskeletal pain intensity (for a period of 3 months) to be reliable. 21 The other study found that prior musculoskeletal symptoms are poorly remembered after some years, and the recall is strongly influenced by current symptoms. 17 The definition of a recall period for obtaining information about LBP has been particularly difficult to reach consensus on. However, it has been recommended to use ''in the past four weeks'' as a standard optimal time frame for recall of pain. 8 Many previous studies have relied on yearly assessments of LBP. 17, 22 Such a high time span may particularly be prone to recall bias. A possible solution for minimizing the risk of recall bias, but still obtaining a representative measure, could be to assess pain more frequently (e.g., monthly) over a period (e.g., 3 months or 1 year) rather than using a single assessment of pain.
Therefore, the aim of the present study was first to compare the correlation and the agreement between monthly measurements of LBP and quarterly and yearly retrospective measurements of LBP, and second to investigate possible bias factors for recall bias of LBP.
MATERIALS AND METHODS
This study is embedded in a pragmatic stepped wedge cluster randomized controlled trial (RCT), which has been described previously. 23 The RCT has been approved by the Danish Data Protection Agency and the Ethics Committee for the regional capital of Denmark (journal number H-4-2012-115). The RCT was designed as a multi-faceted workplace intervention consisting of participatory ergonomics, physical training, and cognitive behavioral training (CBT) aiming at reducing LBP and its consequences among nurses' aides. 23 
Participants
The setting for the trial was eldercare workplaces (nursing homes and home care) in a larger municipality in Denmark. To be eligible for participation, employment more than 20 hours a week and being 18 to 65 years of age was a criterion. The exclusion criteria were unwillingness to participate, long-term sick-listed, or not being permanently employed. Written informed consent was obtained from the participants. The question posed was ''During the previous month, how many days have you had low back pain?'' Retrospectively, we asked the participants about duration (days) of pain the previous 3 months and previous year in an electronic questionnaire: ''During the previous [three months/twelve months], how many days have you had low back pain?'' The questions did only measure LBP and not LBP with radiating pain.
Possible bias effects were measured at 1-year follow-up by electronic questionnaire. Psychosocial work environment factors were measured by the Copenhagen Psychosocial Questionnaire (COPSOQ) (influence at work, social support from supervisors, and social support from colleagues) and converted into a scale ranging from 0 to 100, with 100 representing the highest degree of the measured dimension of the psychosocial work environment. 24, 25 Fear avoidance was measured using two items concerning fear avoidance from the short form of the Ö rebro Musculoskeletal Pain Screening Questionnaire. Each item was measured using a 0 to 10 Likert scale with 0 indicating strongly disagree and 10 indicating strongly agree. 26 This questionnaire has not been validated in Danish. For current pain, we used text messages where we had information on pain days (previous month) and pain intensity (i.e., worst pain the preceding month on a 0-10 numeric rank scale). We also looked at average pain days throughout the past 3 months and the past year, respectively.
Procedures
From workplace registrations, we collected information about demographics and work-related factors. At baseline, the participants answered a questionnaire for describing other baseline characteristics (e.g., ethnicity, self-rated health, 27 smoking, LBP previous year). 11 The setup of the software (SMS Track system) 28 for the text message survey was designed for the study in close collaboration with researchers. Every month (on a Monday), the respondents received an automated text message to their private mobile phone, which they were expected to answer by using a text message. A reminder was sent on Wednesday if an answer had not been received. If answers were still missing, we called the participant by phone to get their response. The electronic questionnaire was answered by the participants at their workplace during a follow-up session after the trial ended.
For the current study, eligible participants had to have complete answers on both monthly text messages and retrospective questionnaire. To be included in the analysis for investigation of factors that bias the recall, the participants had to have full answers on both independent and dependent variables.
Statistical Analysis
Statistical analyses were performed in IBM SPSS Statistics for Windows, version 21, Armonk; NY: IBM Corp. Average pain over 1 year was calculated as the mean of the last 12 text messages and the average pain over 3 months was calculated as the mean of the last three text messages. Spearman rank order correlation coefficients were computed, and scatter plots were visualized. Intraclass correlation coefficients (ICCs) are used to compare the consistency between two measures intended to measure the same construct using the same scale by taking variability and mean level into account. 29 Therefore, single measures ICCs (twoway mixed models with absolute agreement) were used to assess agreement between retrospective questionnaire recall and text messages. Interpreting the significance of ICCs has been recommended as follows: <0.40 ¼ Poor; 0.40 to 0.59 ¼ Fair; 0.60 to 0.74 ¼ Good; and !0.75 ¼ Excellent. 30 A sensitivity analysis was conducted with exclusion of those with no pain (0 days with pain in all measurements).
Bland-Altman plots were also constructed to assess the agreement between the retrospective questionnaire and the text messages. 31 For this, the differences between average LBP measured by text messages and retrospective LBP measured by questionnaire were plotted against the means of the two measurements for each individual and the limits of agreement were calculated (AE1.96 SD).
For investigating possible bias effects for recall bias, a linear regression model was developed with the differences between average LBP measured by text messages and retrospective LBP as the dependent variable treated as a continuous variable. Two models were developed: 1) a crude model with each of the possible bias effects tested individually as independent variables, and 2) a model including demographics and personal factors (fear avoidance) and psychosocial work environment factors (influence at work, social support from supervisors and from colleagues).
RESULTS
There were 339 participants who completed the questionnaire with retrospective measurement of LBP. A total of 282 participants (83%) answered the final 3 months of text messages. Finally, 206 participants (61%) answered all 12 months of text messages and are therefore included in the analyses (see Figure 1 ). There were no significant differences in age and gender or LBP the previous year between those initially included in the text message survey (N ¼ 590) and those included in the analysis for 12 months (N ¼ 206) and 3 months (N ¼ 282), respectively.
The study populations consisted of mostly females (94-95%) and most were nurses' aides (88-89%). At baseline, the average age was 48 years, most of them (89-91%) were born in Denmark and 22% to 23% reported no LBP in the year before the text message survey. The LBP intensity was between 2.3 and 2.5 (Table 1) .
For the 12 months measurements, there was a difference in mean values of LBP measured by text messages and the retrospective question. This corresponded to a nonsignificant over-reporting in the retrospective measurements of 1.88 (48.6) days compared with the text messages ( Table 2) . For 3 months measurements, there was a difference in mean values of LBP measured by text messages and retrospectively that corresponded to an over-reporting in retrospective measurements of 1.65 (14.4) days compared with the text messages. This difference was borderline significant (P ¼ 0.056) ( Table 2 ). In the sensitivity analysis excluding those without pain, the results remained more or less the same, although the mean values of differences in LBP days became slightly higher [12 months mean difference ¼ 2.45 (58.1) days and 3 months mean difference ¼ 2.13 (18.6) days] (data not shown). The bias (mean difference) is also shown in the Bland-Altman plots. In addition to this, the wide limits of agreements for both 3 months' (À26.6; 29.9 days) and 12 months' (À93.4; 97.2 days) reporting of LBP indicate a large interindividual variation between the two measures ( Figure 2 ). In addition to the wide limits of agreement, the figures show that there are some outliers. That is, there are some outliers that are over-reporting their pain and some outliers that are under-reporting their pain.
The correlations between LBP measured by text messages and retrospectively at both 3 and 12 months were high [r ¼ 0.74 (P ¼ 0.000) and r ¼ 0.77 (P ¼ 0.000)] and significant. The ICCs for LBP measured by text messages and retrospectively at both 3 and 12 months were also high [r ¼ 0.88 (95% confidence interval, 95% CI: 0.84-0.91) and r ¼ 0.87 (95% CI: 0.82-0.90)] and significant (Table 2) . Tables 3 and 4 summarize the results of the linear regressions investigating possible bias factors for the recall bias. For both 3 and 12 months recall, social support from colleagues and average LBP days were significantly associated with the recall bias. In the univariate model, average LBP days had the highest explained variance (R 2 ¼ 0.12) for the recall bias, whereas all other factors had rather low explained variance (R 2 ¼ 0.01-0.04). 
DISCUSSION
The main findings of this study were that the correlation between monthly and quarterly and yearly retrospective measures of pain among workers seems to be good on a group level. On group level, there were small nonsignificant differences in agreement, but there were large interindividual variation. Factors that impacted the recall bias were social support from colleagues and average LBP days over the recall period.
As there were small nonsignificant differences in mean values of monthly measurements of LBP compared with quarterly and yearly retrospective measurements of LBP, the agreement between measures of pain in the current study can be interpreted to be generally good on a group level. However, the differences corresponded to an overreporting at 12 months of 4% and at 3 months of 15%. It seems like the shorter recall time (3 months) is more difficult to recall than the longer recall time (12 months). This is in contrast to what other studies have found 12, 13, 21 and the finding needs further investigations to clarify if this is a trend also in longer recalls than 12 months and in shorter recalls than 3 months.
The relatively small nonsignificant average differences between monthly measurements of LBP and quarterly and yearly retrospective measurements suggest that retrospective assessments up to 12 months can capture quite reliable data on LBP at group level. However, within individuals, the difference between monthly measurements of LBP and quarterly and yearly retrospective measurements of LBP was highly variable and subject to error. In this study, the limits of agreement of the Bland-Altman plots were extremely wide, (À26.6 to 29.9 days of LBP for 3 months and À93.4 to 97.2 days of LBP for 12 months). Such high values could potentially lead to a great risk of misclassification of acute, subacute, and chronic pain. For instance, the limits of agreement for 12 months exceed the number of days with pain that is usually considered chronic pain (12 weeks). 32 Using retrospective assessment instead of more frequent assessments to measure change in LBP could therefore result in a high number of individuals The columns show the retrospective mean, the mean of the text messages, the differences in means and their 95% confidence intervals and P values, the correlations and their P values, and the intraclass correlations (ICCs) and their 95% confidence intervals of low back pain days measured monthly by text messages and retrospectively at 12 and 3 months, respectively. CI indicates confidence interval; ICC, intraclass correlation coefficients; LBP, low back pain; SD, standard deviation.
being incorrectly classified as having significantly improved or worsened. But this needs to be investigated in future studies. The high variability in the differences between monthly measurements of LBP and retrospective measurements of LBP confirms that even over relatively short time intervals, retrospective assessments of LBP may not be appropriate to individual levels of LBP or changes in LBP over time. Theoretical and empirical work has suggested that retrospective ratings are affected by the peak-and end-heuristics, that is, they emphasize the most intense part of the experience and the ending of the experience. 33, 34 In contrast to previous studies in both clinical and workplace settings, we did not find that current LBP status (present pain days and pain intensity) impacted the recall of LBP. 17,19 -21 However, we found that the average pain throughout the recall period had the strongest association with the recall bias. An interesting finding was that higher social support from colleagues was significantly associated with the recall bias in LBP. It could be that social support from colleagues makes you talk more about your pain and thereby increase the awareness of pain and thus lead to an over-reporting of symptoms. Overall, the statistical model was only able to explain a limited part of the recall bias (R 2 ¼ 0.19). It is therefore necessary with further studies to investigate other factors for recall bias to better understand this phenomenon.
As LBP is one of the most important outcomes in epidemiologic studies of musculoskeletal disorders, it is important to have a reliable measure. The findings of our study indicate that LBP days measured retrospectively at 3 months and at 1 year may not be appropriate to measure LBP at the individual level. In particular for measuring changes in LBP over time, the retrospective assessment cannot be recommended. Instead, more frequent measures of LBP for determining individual levels and changes in LBP over time should be recommended. Furthermore, our results also indicate that for minimizing bias, information about social support from colleagues and average LBP days should be measured and adjusted for.
Our study has some limitations. First, the study is comparing two types of retrospective assessments of LBP. We compare monthly retrospective measurements of LBP (measured by text messages) with quarterly and yearly retrospective measurements of LBP (measured by electronic questionnaire). Thus, there is a risk that both measurements are impacted by recall bias. A study design using daily records of pain would most likely have given us a more precise pain assessment than the monthly measurements. With the relatively high number of participants excluded from the analysis due to missing answers, there is a risk of sample bias. However, those who did not fully answer the monthly text messages or did not answer the follow-up questions did not differ from our study population. We do not expect that the possible difference in the symptom status at follow-up between the participants and nonparticipants would have biased our main results. Another strong limitation is the use of nonvalidated questionnaires.
The strengths of our study involve the different ways we evaluated the agreement between the measurements. We did not only rely on the correlations, but we also evaluated the agreement with ICCs and more in detail within individuals by use of the Bland-Altman plots. It is also a strength that we were able to evaluate the agreement between both quarterly and yearly retrospective assessment of LBP as well as recall bias factors. We consider our study population to be homogenous with respect to educational level and type of work, which can be considered a strength. As this is a workplace setting, the study population consisted of mainly healthy persons. However, most individuals reported LBP of some degree during the study period. Nevertheless, individuals without LBP could have inflated the results. However, when individuals with no complaints were left out of the analysis, the results remained more or less the same. 
CONCLUSION
The agreement between pain measures among workers seems to be good on a group level, but within individuals, the difference between monthly measurements of LBP and quarterly and yearly retrospective measurements was quite high and highly variable. Using quarterly and yearly retrospective assessment may therefore not be appropriate to measure individual levels of LBP or changes in LBP over time. We therefore recommend more frequent measures of LBP. Factors that impacted the recall bias of LBP were social support from colleagues and average LBP days. This finding is interesting and should be investigated further. 
